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Newly released HIV-1 particles exhibit an immature morphology, previously reported to be characterized by a dough-
nut/ring-shaped structure. In this study we showed that among immature extracellular virus particles not only were
particles with doughnut-shaped morphology present, but particles with a crescent morphology were also observed.
These particles occurred with different frequencies, depending on whether they were in the cell or in cell-free fractions.
The crescent-shaped particles were more abundant in the cell-free fractions, whereas the particles in the cell fraction
mainly exhibited doughnut-shaped morphology. The crescent-shaped structure may represent an assembly intermedi-
ate. q 1997 Academic Press
The major structural proteins of human immunodefi- (Table 1; Fig.1a). The latter particles exhibit a dense layer
of material that partially covers the inside of the viralciency virus type 1 (HIV-1) are encoded by the gag, pol,
and env genes and produced as the polyprotein precur- envelope to a variable degree. Occasionally, the part of
the envelope devoid of dense material forms a tail-likesors Pr55gag, Pr160gag-pol, and gp160env. During the bud-
ding process the polyproteins together with two viral RNA extension.
Wild-type HIV-1 virions with a crescent morphologymolecules and some auxiliary proteins are assembled
at the host cell plasma membrane. A bud containing an have previously been shown in thin sections of infected
cells (5–7). These particles were interpreted as beingapproximately 25-nm dense layer of viral material can be
observed underneath the plasma membrane by electron attached to the host cell (7) or being an assembly inter-
mediate (5, 6). In this study, particles present in the virusmicroscopy (1). After formation of a complete sphere of
dense viral material, an immature virion is released from fraction were physically separated from cell preparations
the cell. The viral protease, located in the pol gene, is and thus cannot be connected to cellular membranes.
activated during and/or after budding and facilitates Such virions exhibit both crescent and doughnut shapes.
cleavage of the Gag and Gag–Pol polyproteins into ma- This suggests that crescent-shaped virions represent a
ture structural proteins (2) and viral enzymes (3). A struc- true extracellular morphology. They may arise directly by
tural rearrangement of the Gag and Gag–Pol cleavage budding into the extracellular space and/or be induced
products results in the formation of a cone-shaped core by the centrifugation process.
(1) connected to the viral envelope (4). In order to investigate whether the observed crescent
In a HIV-1 wild-type (R73/BH10) infection, approxi- morphology was associated with polyprotein cleavage
mately 10% of the extracellular virus particles exhibit an by the viral protease, particles produced with and without
immature morphology (data not shown). A careful exami- the pol gene were examined. The wild-type HIV-1 proviral
nation of the morphology of the immature particles shows DNA used in this study was the plasmid R73/BH10 (gen-
that not only are particles with a doughnut/ring-shaped erously provided by Mark Feinberg) (8). R73/BH10 con-
morphology present, but particles with a crescent (C- tains the HXBc.2 provirus, derived from HIV-1 (IIIB), modi-
shaped, internal layer) morphology are also observed fied to be vpu/ and nef/ on a vector containing an SV40
origin of replication. Virus-like particles expressing gag,
vif, tat, and rev genes were constructed by using plasmid
1 To whom correspondence and reprint requests should be ad-
pHIV-SVPA, which contains an SV40 origin of replicationdressed at Department of Biochemistry, Biomedical Center, Box 576,
and the complete HXBc.2 provirus except that 1218 nu-751 23 Uppsala, Sweden. Fax: /46 18 55 21 39. E-mail: asa@totem.bm-
c.uu.se. cleotides of env coding sequence have been replaced
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TABLE 1
Quantitative Analysis of Immature Virus Morphology of R73/BH10, A2315, pHIV-Gag, and L-2 Particles
R73/BH10 R73/BH10 A2315 A2315 pHIV-Gag pHIV-Gag
Immature virus cell virus cell virus cell L2 cell
morphology (%) fractiona,b fractiona fractionb fraction fractionb fraction fraction
Doughnut-shaped 28 71 17 70 24 82 24
Crescent-shaped 72 29 83 30 76 18 76
Total percentage 100 100 100 100 100 100 100
Number of particles 300 300 300 300 300 300 300
a Only particles with immature morphology, i.e., no condensed cores visible in the center of the virions, were counted.
b Virus isolated by centrifugation.
by SV-gpt sequences and the 3* long terminal repeat has and released virus were separated by centrifugation.
been replaced by SV40 sequences containing a polyade- Suspensions of transfected cells and purified virions, re-
nylation addition sequence. The construction of this plas- spectively, were prepared for electron microscopy ac-
mid has been previously described (9). Plasmid pHIV- cording to Ho¨glund et al. (12).
Gag was produced by digesting pHIV-SVPA to comple- The fraction containing extracellular virus-like particles
tion with BclI, blunt-end treating it with the Klenow frag- obtained with R73/BH10 (wild-type), A2315 or pHIV-Gag
ment of DNA polymerase, and ligating it with T4 DNA mainly showed a crescent morphology (Table 1; Figs.
ligase to a nonphosphorylated oligonucleotide linker 1a–1c). In contrast, only 18–30% of the virus-like parti-
containing a NheI site and an amber codon (5*-CTAGCT- cles in each of the three cell fractions showed crescent-
AGCTAG-3*). Additionally, mutant A2315 with a linker in- shaped structures (Figs. 1d–1f). In the latter samples
sertion at nucleotide 2315 in the protease gene (10) was only virus particles without any detectable linkage to the
examined. As with the other constructs, the parent provi- host cell, still located adjacent to the cell, were counted.
ral clone used was R73/BH10. In mutant A2315 the prote- In order to better understand the significance of the
ase is defective and uncleaved Gag and Gag–Pol poly- crescent-shaped immature morphology, protease-defi-
proteins are present in the same ratios as those in wild- cient HIV-1 particles, designated L-2 (13), were exam-
type HIV-1. COS-7 cells were transfected with R73/BH10, ined. L-2 cells are derived from MT-4 cells (subclone M-
A2315, or pHIV-Gag as previously described (11). Cells 10) surviving infection of HIV-1 (strain LAV-1) (14). Nucle-
otide sequence analysis has shown that the pol gene of
the L-2 virus contains a stop codon located in the prote-
ase domain (15). Thus, these particles should contain
only Gag and not have any Gag–Pol precursor mole-
cules. Interestingly, in contrast to immature particles
seen in the fractions of R73/BH10, A2315, and pHIV-Gag,
the cell-containing fraction of the L-2 sample exhibited
mainly crescent-shaped structures (Table 1; Fig. 1g). Due
to low yields it was difficult to obtain cell-free virus frac-
tions of L-2.
In conclusion, there are two different morphologies of
‘‘immature’’ HIV-1: crescent- and doughnut-shaped struc-
tures. Further, these particles occur with different fre-
quencies, depending on whether they are located in the
cell or in cell-free fractions. It should be noted as an
aside that some of the doughnut-shaped particles in the
cell fractions could be tangential cuts of crescent-shaped
particles and also some could be attached to the cell.
One might speculate whether the crescent-shaped
structures actually represent an assembly intermediate.
FIG. 1. Doughnut/ring-shaped and crescent-shaped immature mor- Upon budding of C-type murine retroviruses there is an
phologies. Electron micrographs of R73/BH10 (wild-type) (a), A2315 (b), estimated assembly of approximately 1500 Gag and Gag-
and pHIV-Gag (c) obtained from cell-free fractions by centrifugation. Pol molecules at the membrane site (16). For HIV-1 LayneSimilarly, R73/BH10 (d), A2315 (e), and pHIV-Gag (f) obtained from cell-
et al. (17) has estimated that a similar number of precur-containing fractions. The L-2 particles (g) were derived only from the
cell fraction. Bar indicates 100 nm. sors exist. During the budding process of HIV-1 these
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rarely observed. This might also occur with L-2 particles.
Alternatively, the observed differences in immature mor-
phology between particles produced by L-2 or pHIV-Gag
or R73/BH10 transfected COS-7 cells could reflect addi-FIG. 2. A model of assembly and maturation of the HIV-1 virion. After
tional mutations in L-2 proviral DNA other than in theformation of a complete sphere of dense viral material, an immature
protease gene. Another possible explanation for thevirion is released from the cell. The newly released immature particle
initially exhibits a doughnut/ring-shaped morphology. However, an in- crescent vs doughnut morphology could be differences
ternal, protease-independent rearrangement to a crescent-shaped mor- in viral RNA content of the particles, as previously sug-
phology occurs. Upon activation of the viral protease, a cone-shaped
gested for Gazdar MLV/MSV particles (22).core is formed.
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